Objective: Strenuous physical activity, such as military training, is known to demand a high degree of physical performance and to cause overuse injuries. However, the exact relation between injury incidence and physical fitness level and the influence of military training on measures of functional performance, such as intermittent endurance capacity and maximal jump performance, are not fully described.
INTRODUCTION
Overuse injuries represent a major problem, occurring within leisure time activities, sports, and during military basic training. 1, 2 The injuries are of considerable inconvenience to the soldiers and pose a heavy financial burden due to medical dismissal of seriously injured soldiers. [3] [4] [5] [6] Because of the strenuous physical effort involved in military personnel activities, a high level of physical fitness is required by the individual, and, therefore, army recruits engage in a rigorous exercise-training program during their initial months of military conscription. It is well known that basic training affects a variety of physiologic parameters like body mass index (BMI), skin folds, aerobic capacity, and muscular endurance. [7] [8] [9] [10] Some studies have also measured changes in functional capacity during basic training 9, 11 ; however, at present, it is not known whether the current military training program results in any enhancement in measures of functional capacity like intermittent endurance capacity and maximal jump performance. It also has not been fully elucidated to what extent development of overuse injuries is dependent on the initial physical fitness level of the individual.
Previous studies assessing maximal strength development during military training using isokinetic or isometric devices have reported conflicting results. Whereas some studies have shown increased strength, 10, 12 others found no change 7, 9 or even a reduction in strength. 8 Many military strength studies have focused on upper body strength, so their relevance to injuries that are primarily located in the lower extremities 3, 5, [13] [14] [15] is probably low. Studies on injury incidence during military training have primarily focused on overall accumulative injury rate, 3, 5, 14 but some studies have related injury rate to the initial training status, 13, [16] [17] [18] although they address different aspects of injury (acute or overuse).
The purpose of this study was (1) to determine the incidence of lower extremity overuse injuries and to investigate whether incidences were different between dif-ferent physical fitness level groups; and (2) to determine whether military basic training results in any changes in aerobic capacity, intermittent endurance running capacity, and functional jumping performance and to investigate whether the responses differed between different physical fitness level groups.
MATERIALS AND METHODS

Study Population
A total of 349 healthy men, previously screened by a medical board, trained during the study period at the Royal Danish Life Guard (RDLG) training camp in Høvelte, Denmark. All of the conscripts had volunteered for military duty, and the RDLG is considered to be 1 of the elite troop regiments within the Army, consisting of highly motivated soldiers. Transfers to other units during the period of basic training and other dropout reasons resulted in a loss of 19 soldiers (dropout rate, 5.4%). Only data from the soldiers who completed basic training (n ‫ס‬ 330) are reported in this study. Informed written consent was obtained from each subject, and the study conformed to the principles outlined in the Declaration of Helsinki and was approved by the Ethical Committee of Copenhagen (KF 01-118/99).
The average age of the conscripts was 20 ± 1 years (mean ± SD). Height and weight measurements were obtained prior to the training, as well as during days 4 and 5 of the week following basic training. BMI was calculated as weight × height −2 .
Physical Training
The 12 weeks of standardized training consisted of 2 to 4 hours of daily training categorized into 4 major groups-closed order drill/marching, general conditioning, military-specific training, and open-order combat training, and each training session was conducted by a training officer. On average, the weekly training included 7 hours of marching, 4 hours of general conditioning (mostly running), and 9 hours of military-specific training. Overall, the physical training primarily consisted of aerobic, lower extremity weight-bearing activities, but during 5 to 10% of the training time the intensity was aimed to be above the anaerobic threshold. The weekly amount of vigorous physical training was quantified by review of the recruit training schedules and by training reports from the training officers.
Questionnaire
On reporting to the RDLG training camp, all 330 conscripts completed questionnaires to assess their exercise history during the last year before reporting to the training camp. The questionnaire was completed according to guidelines provided by an instructor, who was also present throughout the session. The results from the questionnaires were only accessible to the investigator. Variables of physical activity included duration and frequency of any kind of participation in sports activity considered stressful to the musculoskeletal system. The questionnaire also included a subjective assessment of current physical fitness level. The subjects rated their physical fitness level compared with that of other men of the same age. The assessment was on a 5-point scale (1 ‫ס‬ very well trained, 2 ‫ס‬ well trained, 3 ‫ס‬ trained, 4 ‫ס‬ less trained, 5 ‫ס‬ untrained). In this way, the subjects determined their corresponding physical fitness level group. A question similar to this has been used previously to determine self-assessed physical activity level 13, 16 and has been validated previously by Washburn et al. 19 
Physical Tests
Aerobic Fitness Tests
To validate that the self-assessed fitness level was related to estimated aerobic capacity and to assess the change in aerobic fitness and in intermittent endurance capacity, the conscripts completed a Coopers 12-minute running test 20 and a modified progressive 20-m multistage fitness test 21 -the Yoyo intermittent endurance test (YIET). The tests were conducted during the first week of basic training and were repeated during days 4 and 5 of the week following basic training (week 13). The YIET involved repeated runs on an outdoor 20-m pavement track at increasing speed, starting at 8 km/h, with a 5-second rest after every second 20-m run completed. Audio signals indicated running speed. The conscripts were withdrawn from the test (1) when they could no longer continue or (2) when they failed to keep up with the set speed. 21 The maximal running distance for the YIET test is 4320 m. Validation (test-retest) of the 20-m shuttle run test has been performed, and the reliability of the test has been established previously (r ‫ס‬ 0.97). 21 Additionally, the conscripts were tested with Coopers 12-minute running test, which involved a best effort run on a flat bitumen course. For both tests, performance was recorded as distance covered in meters. The RDLG training officers provided verbal encouragement throughout the tests.
In addition, a subset of 19 preentry selected soldiers (12 well trained and 7 untrained) completed an incremental maximal oxygen uptake (VO 2 max) test on a motor-driven treadmill (RunRace; Technogym, Gambettola, Forlì, Italy) 3 to 5 days prior to basic training and during week 11 of basic training. The VO 2 max protocol used was designed to reach VO 2 max within 4 to 7 minutes. After a 15-minute warmup used for familiarization and determination of individual running speed, the subjects ran at the individually determined constant speed (13 to 16 km/h) throughout the test. After the first 2 minutes of the test, the treadmill was elevated 2°every 90 seconds until the subjects were unable to keep up with the pace. A respiratory quotient exceeding 1.10 was considered a criterion for VO 2 max to be reached. Pulmonary oxygen uptake was measured with the Amis 2001 (mixing chamber, online equipment; Innovision, Odense, Denmark). Oxygen and carbon dioxide were analyzed using a multigas analyzer based on photo-and magnetoacoustic principles (accuracy ± 2%). 22 
Power Measurements
Counter movement jump tests were conducted in order to establish if any functional strength benefits had oc-curred from the basic training. Vertical jumping height was used as a functional measure of maximal power of the leg extensors. 23 Jumping height was calculated from flight time, measured by a digital timer connected to a contact mat (Newtest, Oulo, Finland), using the following formula: h ‫ס‬ 1/8 · g · T 2 , where h ‫ס‬ height of the rise of the center of gravity (m), g ‫ס‬ acceleration of center of gravity (9.81 m/s 2 ), and T ‫ס‬ flight time (s). The test was performed in 2 ways: unloaded and loaded with functional battle equipment (a 15-kg field pack). To ensure that only leg muscles were involved in the jump, the soldiers performed the jump test with the hands fixed at the hip. Each subject was allowed 3 attempts, and the best result was recorded as maximal jumping height. Jumping performance was measured during the first week of basic training, and the tests were repeated during days 4 and 5 of the week following basic training (week 13).
Registration of Injuries
Injuries were registered and diagnosed by the medical staff of the training camp and were listed on separate sheets containing information about injury type (acute or overuse), location of injury (region), time point, and probable cause. Because the physical training mostly stressed the lower extremities, the injuries of concern for this investigation were only those that occurred in this region. An injury was defined as either pain, inflammation, or functional disorder that (1) involved musculoskeletal or soft tissues, (2) was serious enough for the conscript to seek and obtain a medical consultation, and (3) could have occurred entirely or in part as a consequence of an external trauma or strain sustained during the period of basic training. 3 An injury was only considered if it resulted in 1 or more days of limited duty. Injuries to skin and subcutaneous tissue, such as abrasions and blisters, were not included. Musculoskeletal injuries were classified as either acute or overuse, primarily based on symptoms and diagnosis of the injury. Acute injuries were defined as those induced by a sudden, forceful, traumatic event, whereas overuse injuries were defined as problems of the musculoskeletal system of insidious onset that were associated with repetitive physical activities. 3 Common injuries that typically were considered acute included ankle sprains and contusions, and typical overuse injuries were iliotibial band syndrome, tendinitis, stress fractures, periostitis, shin splints, and plantar fascitis. In the event of more than 1 consultation for the same injury, the injury was only counted once. Injury incidence was expressed as cumulative incidence (number of persons sustaining 1 or more injuries/population at risk × 100%), and injury rate was expressed as the number of persons sustaining 1 or more injuries per 1000 recruit days.
Statistical Analysis
Statistical analysis of the data was performed with SPSS Standard (version 11.0; SPSS Inc., Chicago, IL). The dependent variable was tested with nonparametric statistics, and to examine whether differences existed between the groups, the Kruskal-Wallis test with subsequent Mann-Whitney U tests was used. To investigate whether a change took place over time, a Wilcoxon signed rank test was used. Separate 4 × 2 contingency tables with 2 tests for trends were used to analyze if there were significant associations between fitness groups and injury incidence (acute and overuse). Pearson correlation was used to address the relation between the 12-minute Coopers test and VO 2 max. An ␣ level of <0.05 (2-tailed) was defined as significant. Results are reported as mean ± SEM unless otherwise indicated.
RESULTS
The entire group of soldiers (n ‫ס‬ 330) was divided into 5 subgroups based on the self-assessment of physical fitness level. Because the group assessing themselves as very well trained was rather small (n ‫ס‬ 8), this group was matched with the group assessing themselves as well trained. This resulted in a total of 4 groups: a group of well-trained soldiers (n ‫ס‬ 66), a group of trained soldiers (n ‫ס‬ 153), a group of less trained soldiers (n ‫ס‬ 88), and a group of untrained soldiers (n ‫ס‬ 23). The amount of physical activity (hours per week) in the last year and in the last 2 months prior to initiation of basic training differed significantly between all groups (well trained > trained > less trained > untrained; all P < 0.001) but not within any of the groups (Table 1) .
Body Mass Index
Before basic training, weight and BMI were significantly higher for the untrained group compared with all other groups ( Table 2) . Basic training resulted in significant reductions in BMI in all groups (between 1 and 7%; Table 2 ).
Coopers Test and Maximal Oxygen Uptake
Before basic training, Coopers 12-minute running test showed significant differences between all groups, ex- There was a significant difference in training volume (hours per week) between all groups; however, there were no differences between training volume in the last year versus the last 2 months within any of the groups.
* P < 0.05 versus well trained; †P < 0.05 versus trained; ‡P < 0.05 versus less trained.
cept between well-trained and trained soldiers ( Table 2 ). Significant differences in maximal oxygen uptake were also evident between well-trained and untrained soldiers before basic training. Basic training resulted in significant improvements in VO 2 max and Coopers test for the untrained group only, resulting in higher Coopers test performance (P < 0.05) but no significant difference in VO 2 max between the well-trained and untrained groups after training (Table 2 ). There was a significant correlation between the Coopers test and VO 2 max (r ‫ס‬ 0.92, n ‫ס‬ 19).
Intermittent Endurance Capacity
Before basic training, significant differences in intermittent endurance capacity existed between all groups (well trained > trained > less trained > untrained; Fig. 1 ). The training resulted in large and significant improvements in performance for all groups (well trained, 13%; less trained, 21%; trained, 43%; and untrained, 62%). The largest improvements were seen in the groups with the lowest initial fitness level (untrained > less trained > trained > well trained; P < 0.05). After basic training, performance was still significantly different between most groups (Fig. 1) .
Muscular Power
Before training, unloaded counter movement jump performance was significantly lower in the untrained group compared with all other groups and was lower in the less trained and trained groups compared with the well trained group (Table 2) . Basic training resulted in significantly reduced jumping heights in 3 of the 4 groups (well trained, −13%; trained, −9%; less trained, −12%), whereas the untrained group did not experience any change (Table 2) . After basic training, no significant differences in unloaded jumping performance existed between the groups (Table 2) . Before basic training, loaded counter movement jump performance was significantly lower in the untrained group compared with all other groups ( Table 2) . Basic training resulted in 5 to 8% reductions in loaded counter movement jump in the welltrained, trained, and less trained groups and in a 9% improvement in the untrained group (P < 0.05; Table 2 ).
Incidence of Injury
A total of 92 persons sustained 1 or more injuries during basic training (overall injury incidence, 27.9%), which corresponded to an injury rate of 3.5 per 1000 soldier days. Injury incidence and the distribution between acute and overuse injuries between the groups are shown in Tables 3 and 4 . Whereas the injury rate was similar in all groups with regard to acute injury (P ‫ס‬ 0.79; Table 3), the overuse injury incidence (Table 4) was inversely correlated to the self-reported fitness levels (P < 0.0001), meaning that overuse injury incidence increased with lower self-reported fitness level. 
DISCUSSION
Injury Incidence
Two important findings of the current study are that (1) the incidence of injury among soldiers differed between groups with different baseline training status, and (2) there was a highly significant inverse association between physical fitness level and the incidence of overuse injury (Table 4 ). These findings expand on previous studies demonstrating that low levels of physical fitness are a risk factor for the development of injuries. 13, 16, 17, 24 The overall injury rate of 28% found in the current study is consistent with other studies showing injury rates of between 22% and 39% for soldiers going through 8 to 12 weeks of basic training. 3, 5, 6, [14] [15] [16] [17] 24, 25 Most of the injuries in the current study were diagnosed as being caused by overuse (65%), whereas 35% were diagnosed as acute. No differences in the occurrence of acute injuries were seen between the groups (Table 3) , whereas there was a strong association between lower levels of fitness and higher incidences of overuse injuries (Table 4 ). This suggests that mechanical loading more often resulted in overloading of relatively untrained musculoskeletal tissue. In another study assessing the relation between the number of overuse and acute injuries, the investigators found that 86% of the injuries that occurred were a result of overuse, 14 which is a slightly higher incidence than that of the current study. However, we cannot exclude the possibility that the incidence of injury in our study represents an underestimation of the true number of injuries because the study population was composed of highly motivated soldiers, who potentially would be less likely to report any injury compared with other nonselected voluntary individuals.
Overuse injuries have a detrimental effect on the effectiveness of a military training program and contribute a heavy financial burden because of medical dismissal of soldiers. [3] [4] [5] [6] 14 Thus, approaches to minimize the number of overuse injuries have to be considered. In the general population, an increasing interest in sports participation is evident. This increased sports participation is associated with an increase in the number of injuries, 2,4 and injury prevention is therefore becoming increasingly important. The most frequent cause of overuse injury may be abrupt increases in physical activity (frequency, duration, or intensity) or newly adopted sport participation. 2, 4 Although it is difficult to give precise quantitative measurements of how much physical training will lead to the development of an overuse injury, the findings from the current study show that previously untrained individuals have an almost 4 times higher incidence of injury and an almost 10 times higher incidence of overuse injury compared with their well-trained counterparts. Therefore, 1 of the most important and easily modifiable parameters in injury prevention may be slow and progressively increased physical conditioning of the lower extremities. One of the approaches in injury prevention, in civilian as well as military populations, could be to identify the groups of persons most at risk for sustaining an injury. This has been suggested previously by Shaffer et al, 18 who developed a screening algorithm combining measures of a questionnaire and a field fitness test (1.5-mile run) that were successful in identifying persons at high risk for sustaining a stress fracture. However, results from epidemiologic studies on injury incidence show that stress fractures only make up a small portion of total overuse injury incidence, 13 and even though there is no clear consensus for the diagnosis of overuse injuries, There was a highly significant association between fitness groups and overuse injury (P < 0.0001; 2 test for trend), meaning that a low level of fitness is associated with an increased risk of overuse injury. There was no significant association between fitness groups and acute injury (P ‫ס‬ 0.79; 2 tests for trend).
screening tools are needed for overuse injuries in general. At present, no good predictors of overuse injury vulnerability exist. However, based on the data of the current study, 2 easily accessible screening tools are suggested: (1) self-reported physical fitness level (soldiers who report a low level of physical fitness are at high risk for sustaining an overuse injury) and (2) poor YIET performance (soldiers who perform poorly on the YIET are more prone to develop an overuse injury).
Aerobic Fitness and Intermittent Endurance Capacity
The YIET also seems to be sensitive in detecting improvements in running performance during basic training. The results showed that all groups of soldiers improved in intermittent endurance capacity during the period of basic training (Fig. 1) , which was in contrast to the results from the VO 2 max and Coopers tests, which showed improvements for the least trained soldiers (untrained group) only ( Table 2 ). The difference in response to basic training with regard to YIET and VO 2 max could be due to power or selection bias resulting from the relative low number of subjects who underwent VO 2 20 Other studies assessing the development in aerobic capacity generally have found that basic training improves aerobic capacity. This was demonstrated by a 10% improvement in running performance after 14 weeks of basic training in American officer candidates, 10 an 8% increase in estimated VO 2 max in British Army recruits, 26 and a 9% increase in British Army officer cadets. 7 However, only 1 study grouped subjects according to their initial fitness level. 27 The investigators found that the only subjects whose VO 2 max improved were the "below average fitness recruits," which is in agreement with the findings of the current study. 27 The reasons for the large improvements in the current study measured by the YIET test in contrast to the Coopers test and the VO 2 max test can only be speculative. A likely explanation for this could be that the working demands placed on a soldier during daily basic training are task specific, and work patterns contain intermittent elements, resulting in improvements in intermittent endurance capacity. A study of British Army recruits revealed a 9% increase in aerobic performance measured by the 20-m multistage shuttle run test after 11 weeks of basic training. 9 The 20-m multistage shuttle run test resembles the YIET except that it is not intermittent. Nonetheless, it revealed much smaller increases than those found with the YIET in the current study. To our knowledge, no other study has used the YIET combined with other functional tests to measure performance changes during military basic training. Despite the uncertainty with regard to the reasons for improvement in YIET results, it is interesting, from a more practical point of view, that YIET results improve so markedly in response to military training.
Muscular Power
In contrast to its ability to increase intermittent endurance capacity, basic training failed to enhance or even preserve functional muscular performance as measured by loaded and unloaded jump tests. Ninety three percent of the soldiers in the current study experienced a detrimental effect on maximal jumping height after 12 weeks of basic training. These changes took place despite the fact that all groups of soldiers lost weight during basic training, resulting in a reduction in BMI (Table 2) . Similar to the present findings, the comparative study by Marcinik et al 8 showed a detrimental effect on dynamic leg press strength (18%, 1 repetition maximum) as a consequence of 10 weeks of aerobic/calisthenic American basic training. These findings, however, are in contrast to findings from another study revealing a 9% positive effect on maximal voluntary isometric leg extensor strength resulting from 7 weeks of training. 12 None of these studies, however, have tried to apply the strength changes to any functional measure and have therefore not been able to address the possible change in functional performance. Furthermore, there is only a moderate correlation between counter movement jump and measures of muscle strength or isometric leg press (r ‫ס‬ 0.51-0.71). 28, 29 To our knowledge, there is only 1 other study assessing functional, maximal jump performance. 10 It measured changes in vertical jump height by the jumpand-reach method and found a small but significant increase in jumping height. However, there are differences between the type of jump test used in that study and the test used in the current study. The jump-and-reach test contains a large element of technique and involves more muscle groups than just the knee extensors. Thus, we cannot exclude the possibility that the increased jumping height in the Woodhead and Moynihan 10 study could, in part, be a consequence of an improved technique or increased trunk and upper body strength. In accordance with that, upper body power was found to increase by 6% in that study. 10 The reasons for the reduction in functional jumping capacity seen in the current study can only be speculative, but 1 of the reasons could be that no specific incremental strength training was carried out during basic training. Furthermore, high amounts of exercises involving "slow force development," like march training and field movement exercises, were performed during basic training. March training alone, equaling 85 hours during basic training or 7 hours a week on average, constituted 36% of the total amount of time spent on physical training. Results from a study by Häkkinen and Myllylä 30 show a significantly lower rate of force development of endurance athletes compared with power/strength athletes. Although cross-sectional in nature, we cannot exclude the possibility that the basic training favored slow contraction ability and thereby negatively influenced the ability to develop force rapidly.
If the decrease in functional jump performance is to be avoided during military basic training, the training probably should include an incremental, progressive strengthtraining program, which should be combined with functional jumping exercises.
CONCLUSIONS
This study shows that the level of physical fitness of army recruits is inversely associated with proneness toward overuse injury development during military basic training. Furthermore, basic training resulted in an enhancement of intermittent endurance capacity in all groups of soldiers, whereas aerobic capacity was only enhanced in the previously untrained group. Finally, the functional jumping performance was reduced in 93% of the soldiers after basic training despite weight loss, indicating that high amounts of endurance activity can influence the ability to perform rapid functional force development tasks.
